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Introduction
Recently, the European Monetary Union (EMU) has celebrated its 10th anniversary.
One reason for the introduction of a common European currency was the hope that a single currency would promote trade and competition within the currency area due to higher price transparency and thus higher price elasticity of demand (DeGrauwe 2003) . Besides, the common currency was supposed to foster trade between EMU member states for some other reasons. For instance, international trade flows might be deterred by exchange rate volatility, especially if the exchange rate does not follow only fundamentals but also non-fundamental noise. Furthermore, Hoffmann and Holtemöller (2007) show that a fixed exchange rate arrangement is more attractive if price elasticities are large because in this case noisy nominal exchange rate changes induce substantial variation in labor effort and its disutility. Finally, transaction costs stemming mainly from currency conversion and hedging are reduced by adopting a single currency (Mundell 1961) . This is especially the case for smaller firms, for which costs of currency exchange and risk management are comparatively higher.
The focus of the present paper is put on the first effect: the Euro's impact on price elasticities of demand shall be analyzed empirically.
In its special edition of the monthly bulletin on its first ten years, the European Central Bank (ECB) reports that "Economists have now reached the consensus view that the single currency has boosted the growth of euro area countries' trade on average by 2 to 3 percentage points" (European Central Bank 2008:90) . The Euro's effect on trade volumes and market shares is analyzed in a large number of studies.
Many empirical analyses find a positive impact of the Euro on Intra-European trade flows (e.g. Rose 2000; Micco, Stein, and Ordoñez 2003; Barr, Breedon, and Miles 2003; Flam and Nordstrom 2003) . However, these studies do not consider the causes of the observed increases in trade volumes in the course of the Euro's introduction, which could either be lowered transaction costs, reduced exchange rate volatility or higher price transparency. Moreover, estimation results of some of these studies show that the currency union did also increase EMU members' exports to and imports from non-EMU countries, indicating that the common currency did not trigger trade diversion, which would be expected in the context of higher price transparency and/or lower transaction costs. Hence, it is questionable whether the introduction of the single currency did increase international price elasticities. Instead, increases in intra-EMU trade flows after the introduction of the Euro could also result from IWH Discussion Paper 18/2010 IWH lagged effects of Single Market measures, which are difficult to separate from currency union effects (Baldwin 2006 ).
According to the law of one price, prices of similar products in EMU member states should converge. However, the results of empirical analyses of price convergence in the aftermath of European Monetary Union are ambiguous. Whereas for instance Goldberg and Verboven (2005) as well as Gil-Pareja and Sosvilla-Rivero (2008) found evidence for price convergence in the European car market, the analyses of Lutz (2004) did not confirm these results. Also for other tradable goods, no significant evidence for price convergence has been found (e.g. Deutsche Bundesbank 2009; Baye, Gatti, et al. 2006) .
1 Overall, it is still an open question whether the European
Monetary Union did increase economic integration by fostering international price transparency and price elasticity of demand.
An increase in price elasticities would be supportive of Frankel and Rose's (1998) hypothesis that the introduction of a single currency is followed by an increasing international integration which is itself a precondition for an optimum currency area.
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Against this background, the present paper examines whether price elasticities of demand increased after the introduction of the Euro and can thus be considered as a vital driving force of increasing economic integration and price convergence by fostering international competition in the European Monetary Union. Price elasticities of demand are estimated for trade between Germany and France, prior as well as after the introduction of the Euro. Additionally, price elasticities between Germany and the United Kingdom are analyzed. Whereas France is Germany's most important trading partner accounting for nearly 9% in total goods exports and for around 8% in imports, the United Kingdom ranks fourth in German exports and sixth in imports. Hence, we consider an EMU member country, France, and a non-member country, the UK, in order to evaluate whether possible increases in price elasticities can be ascribed to the introduction of the Euro. This is necessary,
1 The Euro's effect on price convergence has additionally been analyzed by Engel and Rogers (2004) , Allington, Kattuman, and Waldmann (2005) and Rogers (2007) . In this context, the fact that international trade especially between high-income countries is largely intra-industry in nature, i.e. consists of the exchange of differentiated goods, might be relevant. In a world of product differentiation, the hopes that higher price transparency will lead to more arbitrage transactions and will thereby increase trade flows and price convergence are probably overstated, since due to brand loyalties and goods or services designed to specific customer needs, competition is not solely limited to prices (Posen 1999). 2 Warin, Wunnava, and Janicki (2009) show that belonging to the currency union increases FDI flows, which can also be interpreted as evidence in favor of an endogenous optimum currency area theory. We estimate price elasticities using a structural VAR approach and a Kalman-filter approach which accounts for unobserved quality changes in traded goods which would bias estimates if they were neglected. Overall, we find that the hypothesis that price elasticities between Germany and France did not substantially change after the introduction of the Euro cannot be rejected. This finding is robust with respect to a broad set of model variations.
The paper is organized as follows. In section 2, we describe our economic framework, and in section 3, we explain the econometric implementation and discuss some problems related to the nature of the data that we use (Eurostat external trade statistics). The empirical results are presented in section 4. Finally, section 5 concludes.
A Framework for Estimating International Price Elasticities
The empirical literature on price elasticities distinguishes between estimations at a micro or firm level and at the macro level.
3 Usually, the estimated elasticities are much higher for micro level data. For macro data, sometimes even elasticities below one are reported, see for example the discussions in Chari, Kehoe, and McGrattan (2002) and Corsetti, Dedola, and Leduc (2008) . In this study, we use the external trade statistics of the Harmonized System (HS), compiled by EUROSTAT, on a disaggregated six-digit level (HS6). Though there are differences in the scope of the IWH HS6 categories, at this level a reasonable number of categories can be considered relatively homogenous.
Theoretical Demand for Foreign Products
The demand of agents in country i for a certain product k from a foreign country j at time t depends on variables like domestic economic conditions, import price, price of alternative products and so on. According to standard new open economy macroeconomics models, the quantity of foreign goods demanded by domestic entities is a function of the relative price and total demand, see for example Corsetti and Pesenti (2005) ,
where Z i,j,k,t is the real quantity of product k demanded by agents in country i from country j, Z i,k,t is total import demand for good k by country i, P i,j,k,t and P i,k,t are the corresponding price and price level, and θ denotes the absolute value of the elasticity of international substitution (price elasticity). By multiplying equation (1) with the product k's price, we get the nominal import demand equation
where Q denotes nominal import demand of product k from country j.
Additional Demand Factors and Impact of the Euro
Though equations (1) and (2) are quite general, they almost surely omit other variables than relative price and total demand that have an effect on the demand for a certain product. In empirical applications, it is necessary to control for these omitted variables in order to avoid an omitted variable bias. 
and
respectively.
The impact of institutional changes on import demand can be studied by introducing corresponding dummy variables. 
and a similar equation is obtained for nominal import demand
The price elasticity before the introduction of the Euro is given by θ, while the absolute price elasticity after the introduction of the Euro is given by θ * = θ + η.
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Econometric Implementation
A VAR Model for Import Volume and Import Price
We linearize the nominal import demand equation (6) 
where p t denotes the logarithmic relative price, and ln(γ W) is simply a constant term. It is a stylized fact that log nominal imports follow a long-run trend. However, subtracting Q t from both sides of (7) yields an import demand equation in terms of the share, q t , of imports from country j in total imports of product k
In general, both import share and relative price are endogenous variables and the response of one variable to the other does not necessarily take place within a time unit of an empirical application. Therefore, we infer the effect of a relative price change on the import share using a bivariate vector autoregressive (VAR) model for
where ν is a (2 × 1)-vector of constants, A are (2 × 2)-coefficient matrices, and u t is the 
Structural Analysis
The additional assumption that we impose in order to identify structural effects is that prices are sticky in the very short-run. More precisely, we assume that exogenous demand shocks that increase or decrease the import share have no contemporaneous effect on the relative price, that is we impose a recursive identification scheme. Technically, this is achieved by decomposing the residual vector u t into a contemporaneous impact matrix, B, and a vector of uncorrelated structural shocks, e t ,
where I 2 is an identity matrix of dimension two, and B is obtained from a Cholesky decomposition of the residual covariance matrix Σ u . The contemporaneous, or immediate, effect of an exogenous change in the relative price on the import share is the lower left element of the contemporaneous impact matrix, B 21 . The long-run, or total, effect is the lower left element, Ψ 21 of the total impact matrix
Measurement Errors
Eurostat trade statistics provide data on trade values and on quantities in kilograms. 
Assuming that v t and the error terms are uncorrelated and that quality demanded and other demand shocks share the same variance, this model can be estimated using the Kalman filter. 8 Following this approach implies that all common changes of equal sign and proportion in relative prices and import shares are attributed to the unobservable quality variable. This might bias the price elasticity estimates upwards. 9 However, this is quite a useful implication: the pure SVAR estimates are likely to be biased downwards due to omitted factors that are positively correlated with price and quantity. Therefore, the two types of estimates provide a range that is very likely to cover the true price elasticities.
8 These assumptions are necessary for identification because the pure structural VAR is justidentified leaving no degrees of freedom. Therefore additional parameters -like an additional shock variance -cannot be estimated. 9 Of course, nominal import shares and relative prices would also change in the same magnitude if quantity demanded would not react to changes in relative prices, i.e. if price elasticity of demand equals zero. Since in the Kalman filter estimation, such common changes in relative prices and import shares would not enter into price elasticity estimates, but into the unobservable quality variable, price elasticities could be over-estimated.
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Using the Panel Structure of Eurostat External Trade Data
Besides controlling for quality, we take a second step towards a more robust estimation of price elasticities. Overall -as will be explained in the following section -we consider more than 700 HS6 product categories. These belong to different two-digit (HS2) product sections of the Harmonized System. We compute price elasticities for the HS2 product sections by adopting a heterogeneous panel VAR (PVAR) framework. We first compute SVARs for all considered HS6 product categories.
Then, we compute immediate and total elasticities as described above. Finally, we average over the estimates that belong to one HS2 product section. Since it is very likely that the dynamics in different HS6 categories are heterogeneous, we do not pool the sections in any way, following the corresponding discussion in Canova (2007) .
Selection of Product Categories
The Eurostat external trade database provides monthly data on import values (in Euro, Q) and quantities (weight in kg, Z). Unit values are calculated as P = Q/Z.
We have computed the shares of the HS2 product sections in total German imports from and exports to France and the United Kingdom, respectively, and we consider all sections that individually account for at least one per cent of total importsexcept for section 99 which contains all products that do not fit in other sections and is therefore very heterogeneous. These are 18 HS2 sections in case of German imports from France, 17 in French imports from Germany, 16 HS2 categories in UK imports from Germany and 15 HS2-groups in case of German imports from the UK (see tables 6 to 21 in the appendix). The following table 1 gives an overview over the HS2-groups considered in the four bilateral trade relations analyzed in this study for the year 2008. Overall, the trade data used can be considered representative for German trade with France and the UK. However, the numbers of HS6 product categories in those HS2 sections accounting for at least one percent in total trade are still so large that we further reduce the selection. We identify all four-digit (HS4) product groups in the pre-selected HS2 sections that have a share of at least 1% in their corresponding HS2 section, and then we take all HS6 product categories within these HS4 product groups that do not exhibit any missing value in our overall sample, which ranges from January 1995 to June 2008. In the next section, we report IWH Discussion Paper 18/2010 
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Empirical Results
Composition of German Trade Flows
Before turning to the estimation results, a glance shall be thrown on the composition of trade flows considered in this study. Price Elasticities between Germany and the United Kingdom. In table 2 we report the results of the pure SVAR models for trade between Germany and the UK. The structure of the tables is as follows: The first column shows the product section that is considered. In the other columns we report the mean of the contemporaneous price elasticities
the median of the contemporaneous price elasticities, the mean long-run price
and the median long-run price elasticities. K is the number of HS6 categories in the corresponding HS2 product section which is reported in the last column together with the share of the considered HS6 categories in total German imports from the United Accounting for the unobservable changes in quality leads to substantially higher price elasticities of demand, as can be seen from table 3. Some of the price elasticities now lie in the range that is reported by micro studies. Interestingly, price elasticities for German imports from the United Kingdom are overall considerably higher than price elasticities of British import demand from Germany. This might probably be traced back to Germanys comparative advantages in higher quality varieties of products.
For instance, price elasticities in product section 87 (vehicles) are considerably higher for German imports from the UK than for German car exports to the UK. It seems quite plausible that demand for higher quality or branded products is less sensitive to changes in relative prices than demand for more standardized goods. Overall, the estimated price elasticities seem to be reliable.
Price elasticities for German exports to and for German imports from the United
Kingdom do not differ substantially in the periods before and after the introduction of the Euro. For U.K. imports from Germany, contemporaneous price elasticities do even decrease significantly, though only slightly, in the Kalman filter approach 10 To be more precise, we do not report the usual mean estimate but trimmed means. We have excluded the 2.5% highest estimates and the 2.5% lowest estimates of the HS6 categories because there are some extreme outliers. (We do not trim within each HS2 section.)
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Robustness
The overall result of no change in the price elasticities even between EMU members Germany and France is very robust. It is obtained in case of the pure SVAR models, which deliver estimates for the lower bound of true price elasticities, and also in case of the quality adjusted model (Kalman filter), which delivers the corresponding upper bound. Changing the lag lengths of the models or the cutting point for the two sub-samples does also not affect the overall result. We have also tried many other specifications for sub-selections of the product categories. For example, we have estimated single equation autoregressive distributed lag models, error-correction models and models in first differences. Furthermore, we calculated recursive estimates of the price elasticities in addition to the two distinct samples. The main finding is always the same. There is no statistical support for the hypothesis that price elasticities of demand between Germany and France have significantly increased after the introduction of the Euro.
Conclusions
The introduction of the Euro has been accompanied by the hope that intra-EMU trade would increase and that prices of tradable goods would converge, so that the efficiency of international trade would be increased. Earlier studies on this issue have concentrated on trade volumes (gravity models) and on price and inflation convergence.
Overall, the corresponding effects have been smaller than expected by some analysts in advance. We augment this line of research by analyzing the change in international price elasticities using external trade data for German exports to and imports from France and the United Kingdom, respectively. The larger these elasticities, the stronger is the shift in demand towards the relatively cheaper products in response to price differentials. In other words, the larger the price elasticity, the larger is the degree of competition and economic integration. Disaggregating international trade flows in each of the bilateral trade relations considered at a maximum of 715 HS6 product categories, which account on average for nearly 50% of German imports from and exports to France and the United Kingdom, we are not able to find statistical evidence in favor of the hypothesis that price elasticities between EMU member countries have substantially increased after the introduction of the Notes: Con. Mean is the mean and Con. Med. is the median of the contemporaneous price elasticities in a HS2 product section. LR Mean and LR Med. are the corresponding statistics for the long-run (total) effects of a relative price change on the import share. p-value refers to the test of the hypothesis that the corresponding Pre-and Post-estimates are equal. The hypothesis is rejected for p-values lower than the desired significance level. No. of Cat. denotes the number of used HS6 categories in a HS2 section and Share is the total share (in percent) of these used HS6 categories in total German imports from the UK and UK imports from Germany, respectively.
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IWH Discussion Paper 18/2010 Notes: Con. Mean is the mean and Con. Med. is the median of the contemporaneous price elasticities in a HS2 product section. LR Mean and LR Med. are the corresponding statistics for the long-run (total) effects of a relative price change on the import share. p-value refers to the test of the hypothesis that the corresponding Pre-and Post-estimates are equal. The hypothesis is rejected for p-values lower than the desired significance level. No. of Cat. denotes the number of used HS6 categories in a HS2 section and Share is the total share (in percent) of these used HS6 categories in total German imports from France.
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